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Abstract 

We present the complete calculation of the transverse momentum 
distribution for the decay b sj. The calculation of the coefficients of 
the infrared logarithms is performed using general properties of QCD. 
The resummation of large infrared logarithms is accomplished accord- 
ing to usual techniques of resummation. Non logarithmic terms (con- 
stants and function vanishing at the border of the phase space) are 
calculated for the leading operator of the effective hamiltonian, O7. 

1 Transverse Momentum Distribution in 

b 57. 

The process 6 ^ S7 is a rare decay of the beauty quark, having inclusive 
branching ratio pQ: 

BR{b 57) = (3.34 ± 0.30)10"'' (1) 

It shows a non trivial interplay of electroweak and strong interactions: 
the partonic transition is mediated by a loop even at the lowest level 
and an effective hamiltonian 

Heff = % V*Vtb (a*) (a^) (2) 

is built to integrate out the heavy particles in the loop (a W boson 
and the top quark) Strong corrections to the coefhcients Cj{fi) in 



1 



the hamiltonian produce logarithmic terms of the form 



aglog"^ (3) 

which can be resummed with renormahzation group techniques 

It turns out that the leading operator of the effective hamiltonian is 

the so-called magnetic penguin 

6 

C? = Y^rni^,-MS^t^b)sL,a<j'"''bR.aF^^. (4) 

We have considered the transverse momentum distribution of the s 
quark with respect to the photon direction ^ : 

x = 4- (5) 

At the lowest order they are emitted along the same direction because 
of momentum conservation, while at higher orders of the perturbation 
theory a transverse momentum is generated because of gluon emissions 
from the heavy quark (6) or the light quark (s). 
The partially integrated rate 



at the order as can be written as 



D{x) = 1 + as 



Al 2 

— — log X + Bi log X + non log terms 



(7) 



The logarithms become large near the border of the phase space, for 
the emission of soft or collinear (to the emitting quark) gluons. These 
logarithms need to be resummed to every order of the perturbation 
theory according to well known tools of resummation. 
It is well known that the resummation of large logarithms is accom- 
plished by an expression of the form: 

D{x)^K{asMx;as) + Rix;as), (8) 

where 

• as) is a universal, process-independent function resumming 
the infrared logarithms in exponentiated form. It can be ex- 
panded in a series of functions as: 

\og'S{x;as) ^ Lgi{asL) + g2{asL) + asgsiasL) + . . . , (9) 

where L = log x (in general L is a large infrared logarithm) . The 
functions gi resum logarithms of the same size: in particular gi 
resums leading logarithms of the form ag and 52 the next- 

to-leading ones ag L"; 



• K{as) is a short-distance coefficient function, a process- 
dependent function, which can be calculated in perturbation the- 
ory: 

K{as) = l + ^^h + 0{al) . (10) 

• R(x; as) is the remainder function and satisfies the condition 

R{x;as)^0 for a; 0. (11) 

It is process dependent, takes into account hard contributions 
and is calculable as an ordinary as expansion: 

R(x;as)^^^nix) + 0{al). (12) 

In jl] the resummation of infrared logarithms has been performed with 
next-to-leading accuracy in the function Y,(x;as). The coefficients Ai 
and Bi have been calculated from general properties of QCD radiation, 
applying the perturbative evolution for the light quark, described by 
the Altarelli-Parisi kernel, and the eikonal approximation for the mas- 
sive quark. The resummation of the logarithms has been performed 
in the impact parameter space, taking into account running coupling 
effects, and the function gi and 52 have been obtained. The occur- 
rence of singularities in the resummed formula signals that even this 
improved perturbative approach is not reliable near the border of the 
phase space, where non perturbative effects (related to the initial and 
final states) make their appearance. In j4j the impossibility of defining 
a shape function 6 is discussed. 

In Uj the next-to-leading calculation has been completed calculating 
the correction of order as to the coefficient function K{as)', the re- 
mainder function R{as',x) has been also computed introducing har- 
monic polylogarithms as in 'S^. In opposition to E(x;a5), these two 
functions are process dependent and have to be evaluated by the ex- 
plicit calculation of one loop Feynman diagrams. This completes the 
calculation at the next-to-leading order of the transverse momentum 
distribution. 

An accurate comparison with experimental data will be interesting 
to conclude whether the resummation of large logarithms, consid- 
ered a standard tool in b physics, is reliable at low energies. In fact 
the resummation of large logarithms has been developed in the past 
years to describe processes at higher energies, for example at LEP, at 
energies, where the strong coupling constant as is smaller, 
as{M'^„) ~ 0.1, and non perturbative effects are less relevant. 
Perturbation theory has been applied to describe decays of the beauty 
quark since its discovery. While the expansion parameter 



asimg)^ 0.21 



being reasonably small, allows one to trust the computations, it 
is difficult to directly compare the perturbative approach with the 
experimental data. As it is well known, decay rates do not make 
good quantities to be compared with the data, because they are 
proportional to the fifth power of the beauty quark mass, a poorly 
known parameter and because they involve in principle unknown 
CKM matrix elements such as Vcb, Vub, Vts, etc. .. This means that 
it is not clear if discrepancies between theory and data have to be 
ascribed to a inaccurate theory or to uncertainties of the parameters. 
From this point of view semi-inclusive quantities, such as the trans- 
verse momentum distribution we are considering, can give information 
about the reliability of the perturbation theory at low energies, and 
can suggest new tools to deal with non perturbative effects (as in the 
case of the shape function for the threshold distribution 
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